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Description 

Fieid of the invention 

[0001] The present invention is related to integrated 
circuits and methods for manufacturing such integrated 
circuits. More particularly the present invention relates 
to semiconductor devices with a double or triple gate 
comprising a strained channel layer. The present inven- 
tion also relates to semiconductor device having a sili- 
con-germanium fin. 

Background of the invention 

[0002] Current state-of-the-art semiconductor chips 
feature technology with circuit feature sizes of 180 na- 
nometers, with components manufactured with technol- 
ogies having 130 nanometer feature sizes just begin- 
ning to reach the marketplace. Industry plans are to de- 
liver 90 nanometer technologies in the year 2004, 65 
nanometers in the year 2007, 45 nanometers in the year 
2010, 32 nanometers in the year 2013 and 22 nanom- 
eters in the year 2016. This schedule was set forth in 
the International Technology Roadmap for Semiconduc- 
tors (ITRS) defined by the Semiconductor Industry As- 
sociation (SIA) in 2001. The schedule translates to 
smaller chip dimensions earlier in time than had been 
previously thought. Among the main transistor scaling 
issues to be solved is the need for thinner gate oxides 
that result in a higher on-current and hence increased 
switching speed in semiconductor devices, a smaller 
off-current and lower threshold voltage to allow such 
gate oxide scaling, and the use of lower supply voltages, 
a higher channel mobility and smaller series resistance 
of the source/drain regions. In order to meet these fore- 
casted scaling requirements, non-classical CMOS 
(Complementary Metal-Oxide-Semiconductor) devices 
and novel materials, such as metal gate materials and 
high-k gate dielectrics are currently under investigation. 
[0003] One type of such non-classical CMOS devices 
is multiple gate devices, including so-called FinFET de- 
vices, in a typical FinFET device, the gate at least par- 
tially envelops the channel region, contrary to the classic 
planar device where the gate electrode is formed in a 
single plane on top of the channel region, where the 
channel region is part of the substrate. In a FinFET tran- 
sistor, a semiconductor fin connects the source and 
drain regions. The gate material straddles this fin and 
forms, at least at the sidewalls of the fin, a gate structure 
that results in vertical channels being defined between 
the source and drain, near the surface of the fin. The 
electrical width of a FinFET is therefore, in a first in- 
stance, determined by the height of the fin and, in a sec- 
ond instance, by the geometrical width of the fin. How- 
ever, to improve the performance of such FinFET devic- 
es (e.g. increase the mobility of the carriers in the chan- 
nels) additional measures are needed. 
[0004] One approach that has been employed to im- 



prove carrier mobility for hole carriers in planar devices 
is the use of a channel layer that is formed by growing 
silicon-germanium on silicon. An example of such an ap- 
proach is described in US Patent No. 6,475,869 (the 

5 '869 patent). In this regard, the '869 patent discloses a 
method for forming such a double gate transistor having 
an epitaxial silicon/germanium channel region. After 
forming a silicon fin having a desired width, a layer of 
silicon-germanium is provided on the sidewalls of the 

10 fin, and the top surface of the fin is covered with a cap- 
ping layer. After forming this silicon-germanium layer, 
normal processing of the FinFET is continued. While 
such a device configuration improves the carrier mobility 
for hole carriers, techniques for improving the carrier 

is mobility of both electron and hole carriers are desirable. 

Summary of the Invention 

[0005] In a first aspect of the invention a semiconduc- 
20 tor device is disclosed comprising a substrate, a first 
contact region and a second contact region formed on 
this substrate, a semiconductor fin in between and con- 
necting these first contact region and said second con- 
tact region; characterized in that the semiconductor fin 
25 comprises a strain -relaxed silicon-germanium core. 
This strain-relaxed silicon-germanium core has a sur- 
face not facing the substrate. 

[0006] In an exemplary embodiment of the invention 
a semiconductor device comprises a substrate, a 

30 source and a drain region formed on said substrate, a 
semiconductor fin in-between and connecting said 
source region and said drain region, and a gate that 
straddles the semiconductor fin, where the semiconduc- 
tor fin comprises, at least along its sidewalls, an layer in 

35 contact with the gate and a strain-relaxed silicon-ger- 
manium core in contact with this layer. 
[0007] This layer in between the gate and the strain- 
relaxed silicon-germanium core may comprise an ele- 
ment selected from the group III atomic elements orthe 

40 group V atomic elements. Alternatively, this layer may 
comprise silicon or germanium. This layer may be 
present along the sidewalls of and along the top surface 
of the semiconductor fin, or may be present along the 
sidewalls only. 

45 [0008] In an alternative embodiment, a semiconduc- 
tor device, according to this invention, comprises a sub- 
strate, a first contact region and a second contact region 
formed on the substrate, a semiconductor fin between 
and connecting the first said second contact regions, 

so where the semiconductor fin comprises, at least along 
its sidewalls, an layer formed on a strain-relaxed silicon- 
germanium core. This layer may comprise at least one 
element selected from the group III or V atomic elements 
or, alternatively, may comprise silicon or germanium. 

55 [0009] In a second aspect of the invention a method 
for manufacturing a semiconductor device according to 
embodiments of the first aspect is disclosed. This meth- 
od comprises providing a substrate comprising a 
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source, a drain and a fin between, and connecting said 
source and said drain. The fin is formed of a first semi- 
conductor material. The method can further comprise 
depositing an alloy layer of a second and a third semi- 
conductor material over at least the sidewalls of the fin 
and at least partially oxidizing the alloy layer to form an 
oxide of the second material and to form an alloy of the 
first and third semiconductor materials. The method can 
further include removing said oxide layer. In certain em- 
bodiments, the method can further comprise depositing 
a layer of a fourth semiconductor material over at least 
the sidewalls of the fin, where the first and said second 
semiconductor materials comprise silicon. The third 
semiconductor material may comprise germanium, 
while the fourth semiconductor material may also com- 
prise silicon. The alloy layer of a second and third sem- 
iconductor material is selectively deposited on the ex- 
posed surfaces of the fin only. These exposed surfaces 
may be the sidewalls and the top surface of the fin or, 
alternatively, only the sidewalls of the fin. The alloy com- 
prising the first and third semiconductor materials forms 
a strain-relaxed body. 

Description of figures. 

[0010] The attached drawings are intended to illus- 
trate some aspects and embodiments of the present in- 
vention . Devices are depicted in a simplified way for rea- 
son of clarity. Not all alternatives and options are shown 
and, therefore, the invention is not limited to the content 
of the drawings. In the drawings, like numerals are em- 
ployed to reference like parts in the various figures, in 
which: 

[001 1] Figure 1 shows a cross-sectional view of a pri- 
or art FinFET device formed in an SOI layer as de- 
scribed in U.S. Patent No. 6,475,869, where a silicon- 
germanium layer is formed over the silicon fin. 
[0012] Figure 2 shows an isometric view (a) of a Fin- 
FET device according to the present invention and a 
schematic cross section (b) A-A through the gate illus- 
trating the strained silicon layer formed on the silicon- 
germanium body, (c) a fin device according to another 
embodiment of the invention, comprising a Si^yGey 
body. 

[0013] Figure 3 (a-e) shows a prior art process se- 
quence of "Ge condensation", as disclosed in published 
U.S. Patent Application No. 2003/0006461 (Figure 8 of 
the application). 

[0014] Figure 4 (a-e) shows a process sequence to 
manufacture a device according to an embodiment of 
the invention, as illustrated by schematic cross-sections 
(a) starting substrate, (b) forming the active area includ- 
ing fin formation, (c) epitaxial growth of SiGe, (d) thermal 
oxidation, (e) removal of oxide, deposition of Si. 
[0015] Figure 5 shows a schematic cross section 
along line A-A (as in Figure 4) of a FinFET device ac- 
cording to an embodiment of the invention, wherein only 
the sidewalls of the fin are covered with a strained silicon 



layer. 

Detailed Description 

5 [0016] In relation to the drawings, exemplary embod- 
iments of the present invention are described in the fol- 
lowing detailed description. However, it will be apparent 
to a person skilled in the art that numerous other equiv- 
alent embodiments or ways of practicing the present in- 
fo vention exist. 

[0017] In an exemplary embodiment of the Invention, 
a strained channel FinFET device comprises at least 
two gates. A fin of the FinFET comprises a core of sili- 
con-germanium and a strained silicon layer formed ther- 
15 eon. The FinFET further comprises a gate dielectric and 
a gate electrode layer overlying the strained silicon lay- 
er. 

[0018] Referring now to Figure 2a, a FinFET device 
according to an embodiment of the invention is shown. 
In a semiconductor layer (2) present on a substrate (1) 
a FinFET device is formed. The substrate (1 ) may com- 
prise a semiconductor substrate, e.g. silicon, germani- 
um. Alternatively, the substrate may comprise an insu- 
lating layer formed on top of the substrate (1) to form, 
in combination with a semiconductor layer (2), a silicon- 
on-insulator (SOI) or a germanium-on-insulator (GeOI) 
substrate, as two examples. In certain embodiments, 
other semiconductor devices are formed in this semi- 
conductor layer (2), which can be isolated using known 
isolation techniques such as trench, field oxide or mesa 
insulation. 

[0019] The FinFET device comprises a source (3) and 
a drain (4), which are connected by a fin (5). Depending 
on the particular process flow used, the source (3) , drain 
4 and fin (5) can be formed in a single layer (2) of sem- 
iconductor material or, alternatively, in different layers of 
semiconductor material. A gate (6) comprising a gate 
dielectric and a gate electrode layer (both of which are 
not shown) is formed so as to overlay at least the fin (5) 
on three sides. The channel of the FinFET is, for this 
embodiment, the part of the fin (5), which is in contact 
with and hence, electrically influenced by the gate (6). 
[0020] A cross-section along the gate (6) of the Fin- 
FET is shown in Figure 2b. Figure 2b illustrates that the 
gate 6 surrounds the surface (12) fin (5) which is not 
facing the substrate (1)., e.g., at both side surfaces 
(12a), as well on the top surface(12b). In embodiments 
that comprise a thick gate dielectric on top of the fin, a 
double gate device is obtained in which inversion occurs 
along the vertical sidewalls (12a) of the fin, i.e. those 
parts of the fin surface that are oblique to the substrate 
(1 ). For embodiments that comprise a thin gate dielec- 
tric, inversion may also occur in the top surface (12b) of 
the fin. 

[0021] Also shown in the cross-section is the fin (5), 
which comprises, in this example, a silicon-germanium 
body or core (7) and a strained silicon layer (8) on the 
silicon-germanium body (7). In order to obtain a strained 
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silicon layer with desirable characteristics, the underly- 
ing silicon-germanium body (7) has uniform lattice char- 
acteristics along these surfaces upon which the strained 
silicon (8) layer will be formed. At substantially every 
point along these surfaces, the composition of the lattice 
in a direction perpendicular to this surface will be sub- 
stantially the same. In certain embodiments it is prefer- 
able that the lattice constant of the body (7) be substan- 
tially the same as the lattice constant of the bulk relaxed 
silicon-germanium layer having the same given germa- 
nium content. The semiconductor body (7) is thus a, 
preferably crystalline, strained relaxed layer. 
[0022] The semiconductor body (7) has a geometrical 
width W f and a channel length, i.e. the overlap of the 
gate (6) over the fin (5), Lf of 100 nm (nanometer) or 
less, 50nm or less, or 25nm or less. For embodiments 
where the strained relaxed core (7) is formed of an alloy 
of semiconductor materials, e.g. silicon alloyed with ger- 
manium, the content of the alloying element will depend 
on the particular embodiment. Over at least a part of the 
exposed surface of this strain relaxed core (7) a, pref- 
erably crystalline, strained layer (8) is formed. If the 
strained silicon layer (8) is to be formed on a strain-re- 
laxed silicon-germanium core (7), then up to 50%, or up 
to 35% of germanium should present in the core. If a 
germanium layer (8) is formed on a strain-relaxed sili- 
con-germanium core (7) then the core should preferably 
contain more than 60% germanium. 
[0023] In a second exemplary embodiment, a semi- 
conductor device comprises a first semiconductor con- 
tact region (3), a second semiconductor contact region 
(4) and a semiconductor fin (5) between and connecting 
the first and the second semiconductor region, as shown 
in figure 2c. This device is formed on a substrate (1). 
Typically the first and the second contact region are 
formed of the same semiconductor material, e.g. silicon. 
The body or core (7) of the semiconductor fin (5) is 
formed of silicon-germanium Si-j^Ge^ whereby 0 < y < 
1 00%. Preferably, such silicon-germanium is crystalline 
and strain-relaxed. A semiconductor layer (8) may be 
grown on the exposed surfaces of this body (7). De- 
pending on the lattice mismatch between this layer (8) 
and the body (7) compressive, tensile or no strain may 
be present in the layer (8) . If a germanium layer (8) is 
grown on a silicon-germanium body (7), then the ger- 
manium layer (8) will be strained depending on the ger- 
manium content (e.g., the more germanium in the body 
(7) the less strain). On such a silicon-germanium body 
(7), other semiconductor layers may be formed. The 
semiconductor material of the layer (8) may be selected 
from the atomic elements of the group lll-V of the peri- 
odic table, such as AlAs, GaAs, and AIGaAs. Such ma- 
terials would then produce a small lattice mismatch with 
the underlying strain-relaxed silicon-germanium body 
(7). The latter combination of the layer (8) and the strain- 
relaxed body (7) would, inter alia, allow the formation of, 
and integration of, optoelectronic components in CMOS 
technologies, as such RnFET devices could be com- 



bined with optical devices. 

[0024] An exemplary embodiment of a method for 
forming a strained channel FinFET device having at 
least two gates comprises forming the fin of the FinFET, 

5 where the fin comprises a body of silicon-germanium 
and a strained silicon layer covering at least the side- 
walls of this body. The method further includes forming 
gate dielectric and gate electrode layers that overly the 
strained silicon layer. This method is illustrated by the 

10 schematic views shown in figure 4a-e. 

[0025] Published U.S. Patent Application No. 
2003/006461 discloses a method for forming a planar 
CMOS device within a region of strain -relaxed silicon- 
germanium (Si x Gey). The content of U.S. Application 

15 No. 2003/006461 is hereby incorporated by reference 
in its entirety. On top of the region of strain -relaxed sili- 
con-germanium, a strained silicon layer can be formed. 
The manufacturing of the strain -relaxed region, as illus- 
trated by figures 3a-e t which corresponds to Figs. 8a-e 

20 of US 2003/006461 . The process for forming such a de- 
vice comprises the formation of a stack of a SiGe (11) 
and a Si (10) layer on an oxide layer (5). This stack of 
layers (1 0 and 1 1 ) is patterned to form an array of islands 
(9) of limited diameter, e.g. 5 micrometer. Then a dry 

25 oxidation process is performed to oxidize the exposed 
parts of the patterned SiGe layer. During this oxidation 
process, Ge atoms are expelled from the formed silicon 
oxide surface layer (12) into the remaining, i.e. unoxi- 
dized, SiGe layer (11). By interdiffusion of the piled-up 

30 Ge atoms and the Si atoms, also originating from the 
underlying patterned Si layer (10), the profile of the Ge 
in the resulting semiconductor layer (4) will be flat and 
is constant in a direction perpendicular to the substrate 
(6) on which the stack of SiGe on Si is formed. The 

35 formed silicon oxide layer (12) is removed, leaving only 
a lattice relaxed buffer layer (4) on which a strained sil- 
icon layer (3) is formed. This proposed method se- 
quence, which is also known as the "germanium con- 
densation technique" is only applied to planar struc- 

40 tures. Finally as shown in figure 3e, the gate (1 and 2) 
of the planar device is formed on top of the strained sil- 
icon layer (3) while source/drain regions (7) are formed 
in each island (9), e.g. by ion implantation at opposite 
sides of this gate stack (1 and 2). US2003/006461 it di- 

45 rected to forming the total active area of the planar de- 
vice to obtain a strain- relaxed buffer layer. 
[0026] More generally the condensation technique 
can be described as forming an alloy layer of a second 
and third semiconductor material over a first semicon- 

50 ductor layer or structure. During oxidation, the atoms of 
the third semiconductor layer are expelled from this alloy 
and will form another alloy with the underlying first sem- 
iconductor layer, hence both semiconductors, first and 
third, must be miscible, while the solubility of the third 

55 semiconductor material with the oxide of the first semi- 
conductor layer is low or negligible. The new alloy of the 
first and third semiconductor materials must yield a 
strain-relaxed layer, which may be accomplished by per- 
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forming an annealing step. A layer of a fourth semicon- 
ductor material, having a lattice constant different from 
the lattice constant of the new alloy of first and third sem- 
iconductor material, is then formed over this alloy to 
yield a strained layer over the strain-relaxed layer. The 
first, second, third and fourth semiconductor layers may 
be selected from the group of elements Si, Ge, and C. 
[0027] A layer (8) of a fourth semiconductor material 
or an alloy thereof can be grown with or without strain 
on the new alloy. Depending on the mismatch between 
the lattice constant of this layer (8) and on the lattice 
constant of the new formed alloy (7) compressive, ten- 
sile or no strain may be present in this layer (8). If silicon 
is used to form the layer (8) and is grown over a silicon- 
germanium body (7), then the silicon layer (8) will be 
strained, if germanium is used to grow the layer (8) and 
is grown on a silicon-germanium body (7), then the ger- 
manium layer (8) will be strained depending on the ger- 
manium content (e.g., the more germanium In the body 
(7) the less strain). On such a silicon-germanium body 
(7), other types of semiconductor layers can be formed. 
The fourth semiconductor material may be selected 
from the atomic element of groups lll-V of the periodic 
table, such as AlAs, GaAs, and AIGaAs. Such materials 
would have a small lattice mismatch with the underlying 
strain-relaxed silicon-germanium body (7) . The latter 
combination of overlay layer (8) and strain-relaxed body 
(7) would, inter alia, allow the formation of, and integra- 
tion of, optoelectronic components in CMOS technolo- 
gy, as Fin FET devices may be combined with optical de- 
vices. 

[0028] In another exemplary method, the "germanium 
condensation technique" is employed to form a FinFET 
device such that a strained relaxed semiconductor, e.g. 
SiGe, lattice is formed. The SiGe lattice would have sub- 
stantially uniform characteristics on its exposed sides. 
Figures 4a-e illustrate by means of schematic drawings 
such a method method. First, the starting material is pro- 
vided, comprising a semiconductor layer (2) in which ac- 
tive areas, comprising source (3), drain (4) and fin (5) 
will be formed. The cross-section AA in figure 4b shows 
the surface (13) of the fin (5) which is not facing the sub- 
strate (1). In this example the fin (5) has a rectangular 
cross-section with sidewalts (13a) oblique to the sub- 
strate (1) and a top surface (13b) parallel to the sub- 
strate (1). The source, drain and fin may be formed in 
different layers of semiconductor material, which are 
patterned to abut each other. A person skilled in the art 
would know these alternative approaches to establish 
such regions. The semiconductor layer (2) is present on 
a substrate (1). The starting material may be a silicon- 
on-insulator substrate (SOI), comprising a silicon layer 
(2) supported by an oxide formed on a substrate. Alter- 
natively, the starting material may be a semiconductor 
substrate (1) whereby one side of this substrate (1) is 
used as active layer (2). In the figures 4a-e only the top 
oxide layer of a SOI substrate will be shown and it is 
assumed that the source, drain and fin are formed within 



the same semiconductor layer (2). Patterning. steps are 
performed to define in this semiconductor layer (2) 
source (3), drain (4) and a fin (5), which is located be- 
tween and connects the source and drain regions. 
5 These patterning steps include the step of lithographic 
processing and etching. A characteristic of the FinFET 
device is that the width Wg of the fin is independent of 
the width of the source/drain regions. In comparison, for 
a planar device, the width of the transistor is defined by 
the width of the active area. In such devices the width 
of the channel region hence equals the width of the ad- 
jacent source and drain regions. In the case of a FinFET, 
however, the fin is smaller than the source (3) and the 
drain (4) regions and typically multiple fins are posi- 
tioned in between both terminals (3 and 4). While the 
area of the latter two regions (3 and 4) can be made 
largeenough.e.g.to allowthe formation of contact holes 
on top of it, connecting the source/drain regions with in- 
terconnect levels above, the width of the fin can be se- 
lected to improve the channel performance. If the fin (5), 
the source (3) and the drain (4) are to be formed for ex- 
ample in the same semiconductor layer (2), the larger 
source (3) and drain (4) region can be defined in a pho- 
toresist layer during a first exposure step using e.g. op- 
tical lithography, while the smaller fin (5) can be defined 
in a photoresist layer during a second exposure step us- 
ing an electron beam instead of 1 93 nm or 1 57 nm laser 
light as the smaller wavelength of e-beam allows the for- 
mation of very small lines. Both photoresist patterns 
may then be etched during the same dry etching step, 
which transfers the pattern in the underlying semicon- 
ductor layer (2). As already indicated, a FinFET con- 
structed using such techniques may have a fin width W f 
of 100nm or less. 

[0029] After patterning the source, drain and fin of 
each FinFET device, a uniform and conformal SiGe lay- 
er (9) is deposited. As shown in figure 4c, the layer (9) 
is formed selectively on the patterned semiconductor 
layer (2), while on the exposed parts of the substrate (1 ) 
no SiGe will be deposited. Such selective deposition 
may be obtained by using selective epitaxial growth. An 
alternative way to form a SiGe layer only on the source 
(3), drain (4) and fin (5), is to use selective atomic layer 
deposition (ALD). As shown in cross-section A-A the fin 
(5) has a rectangular cross-section with sidewalls (13a) 
oblique to the substrate (1) and a top surface (13b) par- 
allel to the substrate (1). The surface (13) of the fin (5), 
which is not facing the substrate (1 ) , is covered with the 
SiGe layer (9).. Instead of using a selective deposition 
method, the substrate may be covered uniformly with a 
SiGe layer (9). In this case, the SiGe layer (9) covering 
the substrate surface between the FinFET must be re- 
moved in order to avoid short-circuiting the devices. As 
discussed below, the SiGe layer (9) may be removed by 
completely oxidizing this layer, thus forming an insulat- 
ing layer between the FinFET devices. 
[0030] The substrate may be placed in an oxidizing 
atmosphere. The SiGe layer (9) will, as a result, be at 
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least partially oxidized. A silicon-oxide layer (1 0) is then 
grown on top of the SiGe layer (9), which at least partially 
reduces the thickness of the SiGe layer (9). As a uniform 
SiGe layer (9) is formed, and as this layer is oxidized in 
an isotropic way, Ge atoms will diffuse from the outer 
surface of the SiGe (9) towards the center of the fin (5), 
as indicated in the cross-section at the bottom of figure 
4d by the arrows labeled "Ge n . This is schematically 
shown in figure 4d by a dopant profile in the horizontal 
direction (e.g., parallel to the substrate (1 ) and in vertical 
direction, and perpendicular to the substrate (1) indicat- 
ing an initial pile-up of Ge atoms at the oxide (1 0) - SiGe 
(9) interface). At each point from the outer surface of the 
fin into the fin, substantially the same Ge profile will be 
obtained. By interdiffusion of the piled-up Ge atoms and 
the Si atoms, also originating from the underlying Si lay- 
er (2), the profile of the Ge in the resulting semiconduc- 
tor layer (6) will be constant as is shown figure 4e by the 
dopant profiles in vertical and horizontal direction indi- 
cated at the cross-sectional view. The oxide layer (10) 
is removed by an etching step, e.g. a wet etch process 
using HF-based chemistry or a in-situ plasma cleaning 
performed in a deposition chamber, leaving the new 
SiGe layer (7) exposed. While the as-deposited silicon 
fin (2) is completely converted in a SiGe layer (7), source 
(3) and drain (4) regions will, due to their larger lateral 
dimensions, only be partially converted (e.g., the region 
near the exposed surfaces of source (2) and drain (3) is 
converted into SiGe leaving the composition of the cent- 
er of source and drain as-deposited). Note that the ex- 
emplary method offers the advantage of subjecting the 
deposited SiGe layer to a limited number of processing 
steps, as SiGe is prone to oxidizing and wet processing 
steps. In case the conformal SiGe layer (9) is partially 
oxidized, some part of this layer (9) will remain in the 
final strained relaxed SiGe layer (7) . Hence a crystalline 
SiGe layer (9) is to be formed, which is the case when 
using epitaxial layer growth. If, however, the conformal 
SiGe layer (9) is completely oxidized, the crystal struc- 
ture of the as-deposited SiGe layer (9) is of little impor- 
tance and other conformal deposition techniques can be 
used, e.g. chemical vapor deposition (CVD), such as 
non-selective epitaxial growth, which would yield a poly- 
crystalline SiGe layer (9) on the oxide of the underlying 
substrate (1). 

[0031] After the removal of the oxide (1 0) a strained 
silicon layer (8) is formed over the exposed SiGe layer 
(7). This strained silicon layer will encapsulate the un- 
derlying SiGe layer (7). As shown in cross-section A-A 
the fin (5) has a rectangular cross-section with sidewails 
(1 2a) oblique to the substrate (1 ) and a top surface (1 2b) 
parallel to the substrate (1). The surface (12) of the fin 
(5), which is not facing the substrate (1 ), is covered with 
the silicon layer (8). 

[0032] The processing of the FinFET may then be 
continued as is known in the art. On top of the strained 
silicon layer (7), the gate (6), comprising a gate dielectric 
and a gate electrode, is formed by depositing and pat- 



terning of dielectric and conductive layers. The source 
(3) and the drain (4) regions are implanted. This implant 
is also used to dope the gate, if a semiconductor mate- 
rial, such as polysilicon, is used as to form the gate elec- 
5 trode layer. Other process steps known to a person 
skilled in the art are then executed the complete the 
processing of the device, e.g. forming insulating layers 
covering the device, forming electrical contacts to con- 
tact the terminals (3, 4 and 6) of the device etc. 
[0033] In an alternative embodiment, a capping layer 
(1 1 ) protects the top surface of the f in . This capping layer 
may be deposited uniformly over the active layer (2) and 
patterned together with the active layer (2) during the 
patterning of the fin. As this capping layer (11) adds to 
the thickness of the dielectric layer on top of the fin, a 
double gate FinFET is formed. The Ge of the as-depos- 
ited SiGe layer (9) will, during the oxidation step, only 
diffuse into the side surfaces of the underlying as-de- 
posited silicon body (2), as the capping layer (11) acts 
as a diffusion barrier layer. A strained silicon layer is thus 
formed on the SiGe surfaces. The SiGe (9) and/or the 
strained silicon layer (8) may be formed in a uniform 
way, as discussed above. Figure 5 is a cross-section of 
a device according to this embodiment showing the de- 
vice after the strained silicon layer (8) has been selec- 
tively formed on the SiGe core (7). As shown in cross- 
section A-A the fin (5) has a rectangular cross-section 
with sidewails (12a) oblique to the substrate (1) and a 
top surface (12b) parallel to the substrate (1). Only the 
oblique parts (12a) surface (12) of the fin (5), which is 
not facing the substrate (1), is covered with the silicon 
layer (8). 



35 Claims 

1 . A semiconductor device comprising: 

a substrate (1); 
to - a first contact region (3) and a second contact 
region (4) formed on said substrate (1); 
a semiconductor fin (5) in between and con- 
necting said first contact region (3) and said 
second contact region (4); 

45 

characterized in that 

said semiconductor fin (5) comprises a strain-re- 
laxed silicon-germanium core (7), said strain-re- 
laxed silicon-germanium core (7) having a surface 
50 (1 2), said surface (1 2) not facing said substrate (1 ). 

2. The semiconductor device of claim 1 wherein the 
semiconductor fin (5) further comprises a layer (8), 
which at least covers those parts (12a) of the sur- 

55 face (12) which are oblique to the substrate (1 ). 

3. The semiconductor device of claim 2 wherein the 
layer (8) covers substantially the entire surface (1 2). 
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4. The semiconductor device of claim 1 , 2 or 3 further 
comprising a gate (6), which at least partially, strad- 
dles said semiconductor fin (5). 

5. The semiconductor device of claim 4 wherein said 
first contact region (3) is a source region and said 
second contact region (4) is a drain region of a Field 
Effect Transistor. 

6. The semiconductor device of claims 2, 3, 4 or 5 
wherein said layer (8) comprises one or more ele- 
ments selected from the atomic groups III and V. 

7. The semiconductor device of claim 6, wherein one 
of said elements is germanium. 

8. The semiconductor device of claim 6, wherein one 
of said elements is silicon. 

9. A method for manufacturing a semiconductor de- 
vice comprising: 

providing a substrate (1), wherein the substrate 
comprises a source (3), a drain (4), and a fin 
(5) in between, and connecting, said source (3) 
and said drain (4), at least said fin (5) being 
formed of a first semiconductor material (2); 
said fin having a surface (13) not facing said 
substrate (1), 

depositing, at least on those parts (13a) of the 
surface (13) which are oblique to the substrate 
(1), an alloy layer (9) comprising a second and 
a third semiconductor material; 
at least partially oxidizing said alloy layer (9) 
thereby forming an oxide (10) of said second 
material and thereby forming an alloy (7) of said 
first (2) and said third semiconductor materials; 
and 

removing said oxide (1 0) of said second semi- 
conductor material. 

10. The method of claim 9 wherein the alloy (7) of said 
first and said third semiconductor materials forms a 
strain-relaxed layer. 

11. The method of claim 9 or 10 further comprising de- 
positing a layer (8) of a fourth semiconductor mate- 
rial at least on those parts (12a) of the surface (12) 
which are oblique to the substrate (1). 

12. The method of claim 9, 10 or 11 wherein said first 
and/or said second semiconductor materials com- 
prise silicon. 

13. The method of claim 9, 10 or 11 wherein said third 
semiconductor material comprises germanium. 

14. The method of claim 9, 10 or 11 wherein said fourth 



semiconductor material comprises silicon. 
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